Mill workers inhaling organic dusts (cotton, flax, or hemp dusts) may develop a respiratory disease known as byssinosis.'3 This lung dysfunction is characterised by chest tightness on the first day of the work week accompanied by an impairment of respiratory function. 4 Fever with influenza-like symptoms may occur on the first occasion of exposure. Febrile reaction can reappear after a prolonged absence from work after a heavy exposure. 4 The impairment of pulmonary function is due to bronchoconstriction. The extent of bronchoconstriction can be determined by measuring the forced expiratory flow in one second. Subjectively, this respiratory impairment is indicated by a feeling of chest tightness that develops slowly on the afternoon of the first day of the work week after long exposure to the airbome dusts. 4 The aetiological agent(s) of this lung dysfunction have been shown to be in the respirable cotton dusts found in the air of mills,35 but not in the cellulose portion of cotton dusts. 6 Although the causative agents of this disease have not been definitively determined, research has indicated that Gram negative bacterial lipopolysaccharides (LPS) are an important factor in its pathogenesis."7'
The mechanism of the disease process is complex and not yet fully understood. It is known that the small particle size of the respirable dust allows penetration into the lung and alveoli where the disease producing agent(s) is solubilised.9 Numerous pathophysiological changes in animals are induced by LPS including damage to vascular endothelial cells and haematological changes.'0 Recruitment of neutrophils and stimulation of platelet activating factor by alveolar macrophages occur in the lung after inhalation." The bronchoconstriction common in byssinosis appears to be due to an acute inflammatory reaction and not to histamine or mast cell mediator release alone. 912 The acute inflammatory response may be due to breakdown products originating from cell membrane phospholipids. 9 Surfactant of mammalian lung is composed of a lipid proteinacious material (including phospholipids) which coats the interior of the lung.'3 It imparts homeostasis and alveolar stability by acting reversibly to reduce the surface tension at the air interface with the alveolus.'4"5 Also, lung surfactant may take part in protection of the lung against disease. Surfactant may be protective against receptor mediated allergic reaction in the bronchi.'6 This material also aids in the removal of foreign particles from the airways,'7 18 and stimulates motility'9 and phagocytotic and bactericidal capacity of alveolar macrophages. '8 20 Lung surfactant has also been implicated in the pathology of certain pulmonary diseases. Newborn babies, functionally deficient in lung surfactant, can suffer from respiratory distress syndrome. This disease is primarily characterised by diffuse atelectasis (lung collapse) in the affected infants.2' Other types of lung injury such as the adult respiratory distress syndrome and hyperoxia are associated with alterations in lung surfactant.2224 Therefore, damage to surfactant or impairment of its production may have a deleterious effect on lung function and hence life itself. 25 Earlier work has shown that the sheep lung and its secretions are a successful model for the study of respiratory disease. Bacterial LPS binds with sheep lung surfactant to form a complex with properties different from those of either compound.2627 Enterobacter agglomerans is one of the major bacterial species found on parts of cotton plants"" and in the air of cotton mills.' 3' Purified LPS from this bacterium complexes with sheep lung surfactant, thereby altering the biophysical properties of both materials.32 It has been established that unaffected lung surfactant is important to normal pulmonary function whereas altered surfactant is associated with certain pulmonary diseases. Purified LPS from a common cotton bacterium can alter the physical properties of surfactant. Our research was performed to determine whether LPS in raw cotton dust could also change the physical properties of surfactant in vitro. Such an effect could suggest a possible role of compromised lung surfactant in the development of the byssinosis syndrome.
Materials and methods Bulk raw cotton dust (1182DB) and sterile surgical cotton (SSC, American White Cross Laboratories Inc, New Rochelle, NY) were used to study the effect on lung surfactant. The 1182DB was from the same batch that was used to develop an animal model for byssinosis. 6 The cotton dust was generated in a textile mill from bright low middling grade of unspecified varieties purchased in the Memphis area from the 1982 crop. 6 Aqueous extracts (1 % w:v) were prepared from 1182DB and from SSC by gentle stirring in pyrogen free water overnight at 4°C. The mixture was centrifuged ( 30 minutes at 4°C. The cells were washed once with distilled water, once with acetone, twice with diethyl ether, and then dried. The LPS was extracted from 2 3 g (dry weight) of cells by the hot phenol water procedure. 35 The combined water extracts were dialysed against water at 4°C for three to four days and centrifuged (5000 g) to remove any insoluble particles. The LPS solution was diafiltrated (YM 10; Amicon Corps, Danvers, MA) with 0 025 M trometamol (TRIS) buffer, pH 7 2 and concentrated to 45 ml. RNase A (type 11 1A; Sigma Chemical Co, St Louis, MO) and DNase I (Sigma Chemical Co) were added to the solution at a final concentration of 100 jug/ml and 109 g/ml, respectively, and incubated at 37°C in a water bath for 30 minutes. Trypsin (Worthington Biochemical Group. Bedford, MA) was then added to a final concentration of 10 ,ug/ml and incubated at 37°C in a water bath for one hour. The LPS was pelleted from the solution by centrifugation (105 000 g) for one hour and suspended in distilled water. The LPS was washed twice, resuspended in distilled water, and lyophilised. Table 1 outlines the preparation of surfactant, 1182DB, and SSC both alone and mixed for sucrose density centrifugation and surface tension analysis.
The final concentration of 1182DB dust and surgical cotton (SSC) in the mixtures with surfactant The presence of LPS in the samples was determined by HPLC analysis of 3-hydroxymyristic acid . This fatty acid is unique to Gram-negative bacteria (GNB) and has been used to detect lipopolysaccharide.394" 41 Table 2 describes the prepaiation of samples for HPLC analysis and includes controls of buffer, 3-HM, and purified E agglomerans LPS and mixtures of surfactant with purified E agglomerans LPS, 3-HM, and the 1182DB and SSC aqueous extracts. All components (table 2) were mixed and incubated for six hours at 37°C in a water bath. Again, the final concentration of 1 182DB dust and SSC in the mixtures with surfactant was 0 5% of the original sample.
To eliminate interference from non-reacted components the surfactant mixtures were layered over sucrose gradients before HPLC. The controls were directly analysed by HPLC without previous purification by sucrose gradient. The discontinuous sucrose gradient centrifugation was performed as described earlier. The surfactant controls and the surfactant mixtures were fractionated into 1-0 ml aliquots. The aliquots were assayed for the presence of surfactant by TLC as described previously. Those found to contain surfactant were pooled according to the respective sample. Fractions containing surfactant were washed (in 0-025 M trometamol buffer, pH 7 0) free of sucrose from the gradient by an initial centrifugation at 7700 g for 30 minutes (4°C) and a second centrifugation at 9800 g for 15 minutes (4°C). tAqueous extract (1 0%, w:v) of bulk cotton dust (1182DB) and SSC.
ttPurified Enterobacter agglomerans (EA) lipopolysaccharide (LPS) (2 mg/ml 0-05M trometamol buffer). §Controls.
IMixtures using 0-05M trometamol buffer, pH7-2, with 0-004% NaN3.
' Cotton extract concentration was 0 5% of the original sample after sample preparation.
The washed samples were resuspended in 4 0 ml of 0 025 M trometamol buffer, pH 7 0, with 0 001% NaN, and stored at 4°C until needed. An aliquot (100 !l) of each of the controls and mixtures was evaporated to dryness under nitrogen. The residue was hydrolysed with 10 0 ml of 4 0% NaOH in 50 0% ethanol in a 90°C water bath for one hour. The sample was allowed to cool to room temperature and acidified with 10-0 ml of 5 0% sulphuric acid. Pyrogen free water (10 ml) was added and this mixture was extracted three times with petroleum ether. The extracts were combined, evaporated to dryness, and phenacyl esters were prepared by reacting the dried material with 25 0 1l of phenacyl bromide and 25 0 Ml of triethylamine. In a complementary experiment endotoxin was also determined in the cotton extracts (1182DB and SSC) and surfactant controls by means ofthe limulus amoebocyte lysate (LAL) test (associates of Cape Cod, Woods Hole, MA). The cotton extract samples used here contained 1 0% of the original samples. Duplicate serial twofold dilutions of the samples were prepared in sterile, pyrogen free water. All glassware was depyrogenated by heating overnight at 180°C. After the appropriate dilutions were inoculated into LAL tubes, the inoculated tubes along with positive and negative controls were incubated for one hour in a 37°C water bath. The sensitivity of the LAL test was 0 03 EU/ml checked against Escherichia coli control standard endotoxin (Associates of Cape Cod). To obtain the amount of endotoxin (ng) present in each sample the test results were divided by five. After incubation, the endpoint clot method was used to determine endotoxin concentration.
The statistical significance of the data was determined by analysis of variance42 and Fisher's least significant difference test (t test). The confidence intervals for the true mean surface tensions were also determined. It was necessary to transform the data because of the need to equalise the variables.
Results
After six hours incubation, the surfactant-1182DB was most striking in its difference from the other samples due to the presence of a floccule (figure). The sucrose density gradient centrifugation indicated that cotton extracts (1182DB and SSC) had no visible bands whereas the surfactant control and the mixtures did. Little difference was seen between the surfactant control and the surfactant-SSC mixture, although other data did indicate the formation of a complex between surfactant and SSC.
Analysis of sucrose gradient fractions, by phosphorus content and TLC, indicated that surfactant phospholipid was present in the surfactant control and in the appropriate band in all mixture tubes (table 3) . Phospholipid, however, was not detected in the 1182DB and SSC control samples. The findings indicate slight changes in density for surfactant when incubated with the bulk cotton dust and sterile surgical cotton extracts.
Results of the LAL tests indicated that no endotoxin was present in the surfactant sample. A large amount (9 6 mg/ml) of endotoxin, however, was detected in the 1182DB (bulk dust) sample and a much smaller concentration of endotoxin (30 ng/ml) in the SSC. It is probable that the endotoxin value for 1182DB is inaccurate and highly inflated. Although non-endotoxin components can result in inflated LAL values4"' the results do indicate that the 1182DB extract has a much higher endotoxin content than the SSC extract.
Mixtures, afer incubation at 37°Cfor six hours, containing; A, surfactant; B, surfactant + SSC; C, SSC; D, surfactant + bulk raw cotton dust (1182DB); E, 1182DB. Note floccule in surfactant-1182DB mixture tube. and SCC. tO05 M trometamol buffer, pH 7-2,0 002% NaN,. ttND = None detected.
Significant differences in values for surface tension were found between the surfactant, 1182DB, and SSC controls. Also, there were statistically significant distinct surface tension values between the complexes and the controls. This confirmed the formation of complexes between surfactant and the bulk dust (1182DB) and the sterile surgical cotton (SSC) extracts ( The calculated values from HPLC peak areas indicated that the largest amount of 3-HM detected was, as expected, in the 3-HM control. The next largest amount was in the EA-LPS control, then the surfactant-3HM complex, the surfactant-EA-LPS complex, and the surfactant-1 182DB complex.
Discussion
The 1182DB extract profoundly affected the lung surfactant by causing a flocculation (or precipitation) of the surfactant. This effect was absent in the complex formed between surfactant and the SSC. In earlier work32 this phenomenon was not observed when purified E agglomerans LPS was mixed with lung surfactant at high concentration (1 mg LPS: 1 ml surfactant). As the final 1182DB dust concentration in the complex mixture was 0-5%, the actual weight of dust material could be no greater than 5-0 mg/ml. This would contain not only LPS but also many other plant and microbial compounds. Therefore, the actual amount of LPS would be much lower. This is confirmed by the HPLC data. Using the amount of purified E agglomerans LPS (4-0 mg) mixed with the surfactant, the amount used in the E agglomerans LPS control (4 0 mg), and comparing the peak area of the surfactant-1 182DB sample (0-7) with that of the E agglomerans LPS control sample (123-5), it is possible to estimate the amount of LPS in the surfactant-1182DB complex. This value is 0-02 mg, which is much less than that used in the earlier study. 32 The data therefore suggest another compound(s), other than LPS, in the 1182DB sample may be responsible for the flocculation of the surfactant. Perhaps this is a lectin mediated reaction, since alone, surfactant precipitates with N-acetylglucosamine and to a lesser extent with N-acetylgalactosamine. 46 Results of HPLC showed that 3-HM was present in purified E agglomerans LPS and the E agglomerans LPS-surfactant complex, but not the surfactant control. Results indicate that the LPS bound to the surfactant. The inability to detect 3-HM in the 1182DB ccontrol, although it is detectable in the surfactant-1 182DB complex, suggests that in the 1 -0% aqueous extract of the bulk raw cotton dust the 3-HM component oflipid A is oftoo low a concentration to be detected by HPLC. It has been shown that 3-HM cannot be detected by HPLC at or below a concentration of 500 ng. 45 As the data on surface tension indicate that LPS binds to surfactant, it is possible that LPS has an affinity for the surfactant, thereby concentrating 3-HM to a detectable concentration. The LAL test indicated that the endotoxin concentration was about 30 ng/ml in the sterile surgical cotton extract. This concentration (30 
